Abstract. A shape grammar, which can exemplify and visually explain the style of Taiwanese traditional vernacular dwellings, is presented in the form of rules of composition that are derived from considerations of traditional processes of design and construction, and from cultural influences.
illustrates site plans for Taiwanese traditional dwellings. It appears that site plans were developed by repetitions of massing elements. The basic rule appears to be to add a complete enclosure-courtyard at a time.
One of the pursuits of architectural history and criticism is the identification of the shared features that distinguish buildings designed in a particular fashion, or by a particular architect from other buildings. In this respect, shape grammars as rules of composition that underlie a building have been advocated as an approach (Flemming, 1987a, pages 247-248) .
Shape grammars have their origins in the formal basis of natural language or phrase-structure grammars, as higher level abstractions for the description and representation of spatial reality. Architectural design contexts are often described in terms such as program (brief), vocabulary, relationships, and rules. The idea that architectural design contexts are grammatical-that is, these can be described in terms of vocabulary, syntax, semantics, and style-is not novel.
In the case of Taiwanese traditional buildings, nearly all were bilaterally symmetric. The axis of symmetry was located along the central line of the main hall (ting or tang), considered the sacred (or holiest) of family spaces. For this reason, all of the main spaces (rooms) in the building lie on the axis of symmetry; other secondary spaces were located to the left or right of this axis. One of the doctrines of Chinese philosophy is the doctrine of the mean (zhong-yong). In fact, the Chinese character zhong means balance, center, middle, and symmetry. This doctrine of balance was not only a philosophy of life, but also a philosophy of architecture.
Taiwanese traditional dwellings were made up of 'main' (zheng-shen^) and 'secondary ' (hu-long {5) ) buildings. The zheng-shen's were transverse to the axis of symmetry; hu-long's were parallel. The construction of a building proceeded in bays, which, in general, corresponded one-to-one to rooms or defined spaces in the building. For our purpose, in this paper, we will consider this to be the case. The spaces in a building were arranged in a particular fashion. The axis of symmetry always bisected the main central hall. All of the other spaces were developed through this central hall. Starting with the zheng-shen which includes the hall, two hii-long's were generated. The hu-long's were the basic elements of the he-yuan, the enclosure-courtyard. The he-yuan was basic to most Chinese traditional architecture; the spaces bordering the enclosure had openings facing the courtyard. The number of spaces in a zheng-shen ranged from one through nine, and never exceeded eleven; typically, it was seven; nine and eleven were reserved for the imperial palace. Each space in a zheng-shen (or tdng-wu) had a unique name: ming (light), an (dark), shdo (tip or end), ci (secondary), and jin (finished). This concept is universal to Chinese ( 3 >In The Natural House, Frank Lloyd Wright (1954, page 181) wrote, "Every house worth considering as a work of art must have a grammar of its own. 'Grammar', in this sense, means the same thing in any construction-whether it be of words or of stone or wood. It is the shape-relationship between the various elements that enter into the constitution of the thing. The 'grammar' of the house is the manifest articulation of all its parts. This will be the 'speech' it uses. To be achieved, construction must be grammatical." To some, this may be Wrightian rhetoric. In 1981, two young architects, Eizenberg and Koning, took Wright's words to heart and developed a shape grammar to produce plans in the manner of the Prairie House. Knight (1986a) went one step further-in her dissertation on transformations of style-she showed how the Koning-Eizenberg description can be transformed into a shape grammar that produces designs in the manner of the Usonian House.
These are not mere happenstance, but are two of a number of well-considered analyses illustrating shape grammars in architectural analysis and design, many of which have appeared on the pages of this journal. See Stiny (1980a; 1980b; 1985; 1990) , Stiny and Gips (1972) for an introduction to shape grammars. For applications to architectural analyses, see the work of Stiny on grammars for Chinese lattice designs (1977) , and with Mitchell on Palladian villas (1978) and Mughal gardens (1980); Knight on Hepplewhite chairback designs (1980), Japanese tea-rooms (1981), meandering motifs on Greek pottery (1986b), and textured variations on shape grammars (1989; 1990) ; Flemming on Terragni's Casa Guiliani Frigerio (1981 ), Queen Anne Houses (1987b 1987c) , and with Downing on the bungalows of Buffalo (1981) . In the area of painting and art, see Kirsch and Kirsch (1986; 1990) . Krishnamurti and Stouffs (1993) discuss computational and related issues. Shape grammars are considered in some detail in the books by Stiny and Gips (1978) , Schmitt (1988), and Mitchell (1989) . < 4 > In Chinese architecture, this is referred to as tdng-wu (or ting-tang, which translates literally as 'a building with a hall'). In Taiwan, a zheng-shen is also referred to as cuo-shen (meaning 'the body of a building'). < 5 > In Chinese architecture, this is referred to as xidng-fdng. In Taiwan, a hu-long ('protective dragon') is believed to shield the universal spiritual breath, qi. This is also referred to as shen-shou (meaning the stretched-out hand of the building).
architecture, though the terminology was not; for instance, artisans in Taiwan did not use this terminology.
The number of zheng-shen's, transverse to the axis of symmetry, is referred to as lud (or fin, enclosure); this number does not appear to have exceeded five. Moreover, the rule of lud appears to be such that zheng-shen's were arranged in order of decreasing heights from the rear-most building to the front. At the same time, the eaves in the front of a building were higher than those at the rear. The pitch of the roof was between 30° and 40°.
The secondary buildings are placed on axes called lit (route) which are parallel to the major axis of symmetry.
The jidn's (bays) were dimensioned according to the scale defined by the fortunate dimensions of the central bay in a building. In plan, these dimensions had to be no larger than those for the central bay and in section, no higher.
The grammar of Taiwanese traditional dwellings is given in a sequence of seventeen stages each comprising one or more shape rules. The initial shape is the location of the key bricks and, nominally, assigned to be the origin of the coordinate system in which the shapes are defined.
The grammar
There are seventeen stages.
Stage 1: Establish the fortunate numbers
The initial shape consists of a single point which is identified by an asterisk (*), and notionally represents the key brick, the location which the geomancer marks as fortunate for the owner. The key brick may be removed after construction but this rarely happens.
The two rules in this stage are shown in figure 2. Rule 1 generates the orientation. This rule defines the axis of symmetry, indicated by the line KK'. The orientation of this axis is a function of a number of parameters such as the actual site, the owner's birthday (7) , the start date of construction^, and so on. (9) In practice, to ensure that the orientation is easily determined, a second mark (typically, a stick) is placed at the front of the site. < 6 > The key brick is a single brick or a pair of duo-bricks. The geomancer marked a line on the single brick or used the adjacent line of the duo-bricks to identify the orientation. See Chiou and Krishnamurti [1995, footnote (28) ]. < 7 ) The birthday must be translated into the lunar calendar and a Chinese cycle (jia-zi). A Chinese cycle consists of sixty elements. Every element has two Chinese characters. The first character belongs to the 'celestial stems', which have ten elements, jid, yi, bing, ding, wu, ji, geng, xin, ren , and gui. The second character belongs to the 'terrestrial branches', which have twelve elements, zi, chou, yin, mdo, chen, si, wil, wei, shen, you, xu, and hdi . A person's day of birth is broken into four parts (year, month, day, and time); each part is represented by a pair of characters. Each such pair is determined from the Chinese cycle. The Chinese thus use eight characters (bd-zi) to represent one's day of birth and, hence, one's fate. (8) The start of construction was celebrated by a ceremony known as dong-tu (literally translated as 'breaking ground').
(9) A11 of these factors were considered by the geomancer who traditionally provided this information to the owner and artisans on red sheets of paper. To the Chinese, red indicates good or happy events; white indicates bad or sad events (such as death and funerals).
With this line, scales (10) of intentions can also be defined. (11) These scales are determined by a number of factors from the owner's expectations, customs, and construction laws. There are three parameters that specify the scale of the building. Each parameter is specified by a dashed line of a certain length. The parameters are OO, the number of main buildings (Jin's) which, in general, does not exceed five; nil, the number of bays (spaces or rooms, jidn) in a building and does not exceed nine; QQ, the number of secondary buildings (fei's) which is arbitrary. Rule 2 computes the fortunate dimensions of the building. This rule specifies the basic dimensions for the design, based on calculations dependent on the orientation and principles of feng-shui (Chiou and Krishnamurti, 1995) . The dimensions are given by the height, h, the depth, d, and the width, w. There may be many possible values for these numbers and the application of the rule selects one set of values. The fortunate dimensions usually have the following constraints (12) : That is, the width does not exceed the height and the depth is approximately 1.3 times the height. In traditional design, it was mandatory to use the formal instructions for measuring heights in Lu Ban feet and, possibly, inches (Chiou and Krishnamurti, 1995) . It was not the case for widths and depths; about 70-80% of (10) Here, scale refers to the range of dimensions and size (the number of massing elements). (11) In practice, these scales were determined by negotiation between the owner and the artisans-carpenters and masons-after the geomancer had done his initial task of suggesting a good orientation. figure 3 . Rule 3 creates the central room in the principal building. This central room is located on the axis of symmetry with its center coincident with the key brick. The dimensions of the room were determined by rule 2. Occasionally, one finds an additional space within the central room.
(13) This was probably used as a storage space. Rule 4 creates this additional space, indicated by the label B, to the rear of the central room.
Shape rules 5 and 6 further refine the central room. There are two basic types of central rooms-with and without a front porch. Both rules specify a raised
Figure 3. Stage 2: Generating the central room in a main building.
The central room was used for worship, or as a living room. If the room behind the central room was a bedroom, it would have been assigned to the eldest member in the family because this room was hierarchically higher than the other rooms in the building. platform (14) , and associate the label X with it. Labels a and P identify the positions for the front and rear roofs, respectively, to be specified by a later rule. The label, M, associated with a main building is replaced, at the same position, by C.
(15) These two shape rules specify the allocation of a central room.
Rule 3 specifically applies to the principal building, the other three rules can apply to any central room in the dwelling. The height of the main entrance is an important factor in the design. In Taiwanese traditional architecture, the main beam and light beam are two holy dominants and have special meaning.
(16) In order to protect these two important features, the artisan traditionally positioned the upper frame of the main entrance, the main beam, and the light beam on a straight line, namely sdn-he (figure 4).
(17) Therefore, the upper frame of the main entrance can shield the main beam and light beam.
There are ten rules in this stage, and these are shown in figure 5. The shape rules are divided into three groups. The first group, comprising rules 7-9, create openings in the front wall of the central room. The second group, comprising rules 10-15, create openings in the rear wall. Shape rule 16 creates openings in both walls. In Chinese there is an idiom, ' deng-tdng-ru-shi\ which translates into 'ascend the hall into the inner chamber'. Ascend here implies that the hall is on a raised platform. Furthermore, it implies that one enters the hall (tang) prior to entering the chambers (shi). (15) Any label shown underlined is a schema; it represents an element from a set with the given label and an associated superscript. For example, M represents an element from the set, {M, M', M", ...}. In the case of shape rules 5 and 6 where M is replaced by C, only the label is changed, but the superscript is preserved. That is, if M represents M", then C represents C". 'OP^
0(x,y)
.A" There are constraints. Rule 9, which produces a semi-open central room, is applicable only to a central room in a main building that is not connected to another at its rear such as the principal building. Rules 11 and 14 apply only to the principal building. Rules 15 and 16 are applicable only to central rooms in the other main buildings. This is because the rear wall of the central room in the principal building cannot be made open.
Stage 4: Generate the plan of a main building There are seven rules in this stage. The first two shape rules, shown in figure 6, generate the plan of a main building. Rule 17 adds two rooms laterally on the main building and, at the same time, decreases the scale bar nil by 2 units. The width of the room (unless it is the central room), w f , is less than the width of the central room, H>. (18) The width w' is typically between 80% and 90% of w. For convenience, we may assume w' = 0.9w>. Rule 18 terminates the generation of the principal building. Two labels Z are positioned at the rear of the building. The end rooms are marked by labels E. Note that the rule is applicable only when the scale bar nil has zero length.
The next three rules refine the rooms. Rule 19 inserts an extra space within a room, by inserting a wall at the positions indicated by the label B, in each of two rooms located symmetrically about the central axis. In effect, the rule divides the rooms into two spaces. Rules 20 and 21 extend the porch across two additional rooms. In Taiwanese traditional architecture, most main buildings have five or seven rooms. There are very few cases where the porch spans more than five rooms.
The last two rules (22 and 23) change the marks on the end room to prepare for a subsequent stage in the generation. The rules are shown in figure 7.
Stage 5: Add openings to the rooms in a main building In general, every room in a main building is connected to the central room either directly or indirectly. By indirectly, we mean that there is an opening (doorway) to an adjoining room which likewise is connected to the central room. Windows in the rooms had minimal openings, just enough to allow sunlight and breeze (wind); bedrooms were thus generally darker than the central room. In the following rules, a short line is used as a marker to indicate both an opening and the direction of its opening (especially in the case of doors). The parametric coordinates in the rule correspond to the center of the openings. The shape rules, shown in figure 8, fall into two main categories, one group (rules 24-30), which insert placeholders for doors in partition walls, and the other group (rule 31) which inserts placeholders for windows. There is, in addition, a shape rule (rule 32) that changes a window placeholder to a door placeholder.
Rule 24 had to extend marginally into the adjoining room (indicated by label R') in order to ensure that boys would be born in the house. This was not, however, a belief of the Min-nan and, consequently, their dwellings did not generally reflect this. Rule 25 adds a door to the partition wall between two rooms. The partition wall between two rooms is separated by labels R. and IV on either side of the wall. Rule 26 is similar to rule 25 except that it connects to the porch as well. Rule 27 inserts a door in the wall of the extra space in a room. Rules 28 to 30 are similar to rule 27 except that these insert one or more openings with width w. Rule 31 adds windows to the front and rear walls. Note that rule 31 is applicable in a number of different ways, for example, symmetrically about the horizontal axis. Rule 32 ensures that the end room of a main building, which is usually a public or semipublic space, such as a kitchen, dining room, family room, or storage space, could be directly connected to the outside. This rule ensures that any windows generated for the end room will be converted into doors.
Stage 6: Replace doors and windows by their icons In this stage, we replace the labels of doors and windows, D, D m , D r , and W, by their two-dimensional icons. Each icon is a shape; the width of the opening equals the length of the line marker associated with the label. In addition, we change the label to P.
All door and window dimensions are measured according to the scales of the opening ruler. The parameters, h, w, and u represent the length (vertical dimension) of the opening, its width, and its height measured from the ground, respectively; u represents the height of the threshold in the case of doors, and the height of the sill of the window frame. Generally, the main entrance is a two-way swing door. There are seven shape rules, all but one dealing with doors. The rules are shown in figure 9 .
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P\j^ [h, w, u] d Rules 33 and 34 add doors to the main entrance. Rule 34 also creates a small porch (the entrance porch). The height of the door, h, must satisfy the constraints illustrated in figure 4 . The depth of the entrance porch is given by the stride measure, generally, minus one stride.
(20) Also, there can be no beams within the trace of the door opening. Rules 35 and 36 create a one-way or two-way door between the central room and an adjoining room. This door serves as a separation between the public and private spaces. The width, w, must satisfy the constraint that the light beam cannot be positioned inside the range of door. Again, see figure 4. Rules 37 and 38 create all other doors. In a similar fashion, rule 39 creates a window opening.
Stage 7: Generate a courtyard in front of a main building
The courtyard is an open space enclosed by at least one main building and two secondary buildings.
(21) The dimensions, width (w) and depth {d\ were determined by an odd number of strides, using the stride measure. >The depth of the entrance porch was possibly determined by the chl-bdi and cun-bdi (Chiou and Krishnamurti, 1995) . ( 21) One main building with a single secondary building (forming an L-shape), can also define a courtyard. However, this case is not considered in this paper.
It was an important aspect of Taiwanese traditional architecture how the secondary buildings were connected to the main building. There were special constraints, and the following taboo that governed the nature of the joints between a main building and a secondary building, namely that the drop line of the roof of the secondary building could not fall within the range of the opening of the main building. (22) Rules 40-42 (figure 10) mark the generation of a courtyard and secondary buildings. Rule 40 decreases, by 2 units, the scale bar QQ. Rules 40 and 41 change the label, E, of the end room in the main building to G, which signifies the generation of a 'small' courtyard surrounded by secondary buildings. In a similar fashion, rule 42 changes the label E to G', which signifies only a courtyard will be generated in front of the main building without secondary buildings connected to the front. Rules 43-51 create courtyard enclosures. See figures 11 and 12. The front walls shown in rules 43-50 are variable, that is, verandahs or porches may be in front of these front walls. Rules 43 and 47 create a courtyard that connects with the two end rooms with openings to the front. The constraints on the x-coordinates x 3 and x 4 were such that these could not have values that lie within the openings P if the rooms had other openings. Label Y denotes a courtyard. Rules 44 and 48 create a courtyard that connects to two rooms adjoining the end rooms that also have openings in the front. The constraints on the x-coordinates x 3 and x 4 are the same as in rule 43. Rules 45 and 49 create a courtyard that connects to two end rooms that have no openings to the front. Rules 46 and 50 create a courtyard that connects to two rooms adjoining the end rooms that also have no openings to the front.
Rule 51, shown in figure 12 (see over), generates a 'large' courtyard; the secondary buildings enclose both the courtyard and the main building.
The last four rules, also shown in figure 12 , ensure the proper termination of the courtyard generation. When the scale bar OO equals zero, this signifies that there are no further main buildings to be generated. Rules 52 and 53 apply in this case. Rule 52 applies if a courtyard had not been generated; and rule 53 otherwise. In the latter case, we erase label F and mark the end of the buildings by labels Z\ The last two rules, 54 and 55, constrain the inner secondary buildings; in particular, rule 55 adds a small corner yard to the buildings. Stage 8: Generate the plan of the secondary building The secondary buildings {hit-long) connect to the main buildings in a direction parallel to the line of symmetry or transversely. The dimensions of rooms in secondary buildings were not necessarily ascertained by the methods of chi-bdi and/or cun-bdi, though, in general, these values were less than their corresponding dimensions of the central room in the main building. There were, however, other constraints that were imposed. Suppose d, w, and h were the dimensions of the central room in the main building, and d', w', and h' the corresponding dimensions of hall (or central room) in the secondary building. There are eleven rules in this stage, divided into two categories. The first category, shown in figure 13, comprises five shape rules that relate to the generation of rooms. Rule 56 creates a raised platform for the secondary building. Rule 57 generates the first room. This rule applies only if the secondary building has more than one room. The width of the room, w, is dependent on the length of the secondary building, the number of rooms in the building, and whether the room is the hall of the secondary building. Rule 58 applies if there is only one room in the secondary building. Rules 59 and 60 add a room. If the newly added room is the hall, its width should be the widest. There are no special constraints on the widths of two adjoining rooms, unless one of them is the hall. Rule 60 generates the end room.
The second category, shown in figure 14 , consists of six shape rules: three for the creation of porches, and three for refinements to a room. Rule 61 adds a porch to a room. The depth of the porch, s, generally equals one stride less than the measure determined using the stride measure procedure (Chiou and Krishnamurti, 1995) . Rule 62 extends the porch to an adjoining room. Rule 63 removes the side walls of the porch. The last three shape rules refine a room. Rule 64 modifies a room to be a semi-open space, rule 65 combines two spaces into a semi-open space, and rule 66 removes side walls. 
Stage 9: Compute the fortunate dimensions of a main building which is in front of a courtyard
This stage initializes the generation of a main building that is not principal. As in the case of the principal building, we fix upon fortunate dimensions for the building. These values are dependent on the dimensions of the previously generated main building, and the orientation of this building. The procedures to determine the dimensions of the building are similar to those described in stage 1. There are other constraints on this building, of which, perhaps, the most important is its height, which must be lower than that of the previous main building. This stage consists of a single shape rule, which specifies the basic dimensions for the design. As stated, calculations are dependent on the orientation and the dimensions of the previous main building, say, h, d, and w. Let the corresponding dimensions for this building be ti, d!, and w'. We have the following constraints: In the shape rule shown in figure 15 , the position of label U_ is determined from the position of C. of the rear porch, is usually one stride less than the value given by the stride measure. In each rule, label U is replaced by label M to signify the start of a new main building. Rule 71 refines the platform on which the central room is placed. Shape rules 72, 73, and 74, given in figure 17, add two rooms to the main building. Rules 73 and 74 are terminating rules in that they can be used to generate the end rooms of the building. In rule 74, the end room is an open space. Stage 11: Generate a secondary building which surrounds the front main building
The length of the secondary building is given by the sum of the depths of the front (main) buildings and of the courtyards (figure 18). Shape rules 75 and 16 add a secondary building. Rule 75 does so directly without a 'passing room'; (23) rule 76 by inserting a space in front of the secondary building. Shape rule 77 creates the first room in this building.
Stage 12: Generate another kind of secondary building that is connected by a passing room to the end room of a main building
This stage generates another kind of secondary building in a direction perpendicular to the line of symmetry with a passage that connects to the main building. Traditional Taiwanese houses were usually extended in this manner or in the manner previously suggested. There is an example of such extensions in She-tou, Zhang-hud, in the central region of Taiwan, which has sixteen secondary buildings. It should be noted that the passing room was not always a feature of all secondary building extensions. Basically, there are five shape rules, which are shown in figure 19 .
Rule 78 adds a passing room that will allow the secondary building to be generated inside it. For technical reasons that are required for the shape grammar formalism, we need one additional rule in this stage. Rule 83, shown in figure 20, erases labels Z and Z' so that no further secondary buildings can be generated. The shape rules are given in figure 21 . Shape rules 84, 85, and 86 add a door to the hall in the secondary building. In addition, the latter two add windows to the room. Shape rules 87-90 add doors and windows to the adjoining room. From the rules it is easy to see which doors are interior and which ones are exterior. The rules add windows to the spaces selected. Shape rule 91 adds a through door to the room connected to the main building. The last two rules specify the entrance to the secondary building. Rule 92 changes the entrance from a two-way swing door to a single swing door, and rule 93 draws it in its iconic form. (24) Wu-didn (four-slope roof) is only found on palaces. Vernacular houses usually used a ying-shdn (gabled roof with beams covered by the end walls) or xudn-shdn (gabled roof, but the beams protrude beyond the end walls) roof; the judn-peng (curved roof) was used for auxiliary spaces such as a porch. In Taiwan, most temples use a xie-shdn roof (which combines the ying-shdn or xudn-shdn on top and the wu-didn at the bottom). Fang zdn-jidn [right rectangular (or polygonal) pyramid] and yuan zdn-jian (right cone) were reserved for gardens or auxiliary buildings. In the roof hierarchy, a multiroof generally has a higher status than a single roof. The roofs in figure 23 are given in their hierarchical order. That is, a wu-didn is higher than a xie-shdn and so on. In Chinese architecture in general, the ying-shdn and xudn-shdn roofs are considered to be of equal status, though few buildings in Taiwan use the xudn-shan roof.
The roof has two parts each based on the main beam. The front roof is higher than the rear roof. In traditional architecture, the slopes of the front and rear roofs were generally the same; as a result, the main beam was moved towards the front of the building, and hence, was not coincident with the center line. Where the front (ydng) side is higher than the rear (yin) side, such roofs are called a yin-ydng-bidn (literally, bidn means side or boundary). See figure 24. The shape rules are given in figure 25 . Rule 98 extrudes a room plan to a solid (cube) based on the height (h) of the central room in the main building; d is marginally larger than the depth of the raised platform. Rule 99 creates the roof; d! < d"\ X is R or H (both representing rooms in the main or secondary buildings). Rule 100 lifts up the roof at one end, and rule 101 drops the roof down. As before X is R or H. The drop lengths n, n\ and n" are usually not the same; typically, n > ri, n > ri', with ri ~ n". Rule 102 creates the roof for the passing room (indicated by the label K w ). Rule 103 determines the height of the inner secondary building. This height is less than the height of the end room in the main building, which connects to the first room of the secondary building. That is, h[ < h 2 < h x .
Rule 104 determines the height of the first outer secondary building. X is R or K w . This height might be greater than the height of the end room, but should be less than the height of the central room in the main building, if X is R. However, generally h 2 > h x , if X is K w . Rule 105 determines the height of the outer secondary building. The height of a secondary building increases from the inner to the outermost; that is, h 2 > h x . Rule 106 extrudes the first room in a secondary building to height h. In order to create the roof that covers the platform as well, the depth of massing should be extended by an additional 2d, where d has the same meaning as before.
Rules 107 and 108 connect the roofs of the main and secondary buildings. Rule 107 may be used to connect the roofs of a passing room and the secondary building. Rule 109 creates a roof solid (shown in section view). The rules in this stage extrude the lines to three-dimensional walls that may include openings. The height and form of a wall are determined by the underside of the roof. The shape rules are given in figure 26 . Rules 110 and 111 create two solid walls that intersect in plan at a point to form a corner or a T-junction, respectively. Likewise, rules 112 and 113 create a wall and an opening that intersect, in plan, at a point. In the first case, the two form a corner, and in the latter, they form a T. Similarly, rules 114 and 115 deal with the situation when a wall intersects, in plan, an opening of a room, at a point. Rules 116 and 117 deal with the cases when, in plan, a wall and an opening are collinear.
Stage 17: Termination These rules are necessary for the shape grammar formalism, but the reader may ignore this stage. This stage consists of rules that erase the labels and markers that were used in plan generation and their three-dimensional model. Notationally, the symbol s 0 denotes the empty shape. There are basically four shape rules in this stage, the first three of which are given in figure 27 . The fourth shown below is a shape rule schema that erases labels.
It takes a labeled point and replaces it by the empty shape. We obtain eighteen shape rules, numbered 121-138, by substituting for the variable X, the labels A, A, B, C, R, H, K w 
Remarks
The shape grammar developed in this paper exemplifies a particular class of buildings within Taiwanese architecture. There were, of course, some assumptions that were made during the development of the grammar.
(1) Bilateral symmetry is considered to be a basic feature even though there are extant traditional dwellings which do not possess this property.
(2) The analysis is restricted to plans of rural farmhouses. Urban sites are typically limiting, with narrow widths and long depths; however, urban dwellings followed much the same traditional rules of design and construction as rural enclosure courtyard houses. Thus, although the urban dwellings are not targeted as such, it is possible to generate urban plans with the grammar. (3) Only roofs of the ying-shdn ('firm mountain') type are considered.
(25) Other roof types are possible-for example, it is easy to modify the shape rules to handle the ydn-wei ('swallow tail') roof profile. The ydn-wei is similar to the ying-shdn, the differences being the ridgepole of the ydn-wei is more extended at the end, and the roof is curved. The name, swallow tail, derives from its appearance. (4) Plans are generated from the rear-most main building. This is in accordance with known practice, in which buildings were developed from and around the location of the key brick. This is reflected in the shape rules. Other shape rules were likewise determined from an understanding of the practices in traditional design and construction. We were not concerned with specific artisans or specific buildings; rather, with general considerations of design. In this sense, the grammar is an abstraction of Taiwanese traditional vernacular house designs.
(25) Although most dwellings in Taiwan have ying-shdn flush gables, there are some that have roofs with a limited overhang (xudn-shdn) at the gable end (Knapp, 1986, page 104). Also see footnote (24).
The idea that the Taiwanese artisans should have designed grammatically is not far-fetched. Traditional design and construction took place at one and the same time. Each artisan, before the start of a construction, almost certainly must have had a clear image of the entire building. The rules described in this paper offer a partial explanation on how such designs could have been constructed without recourse to a priori hard descriptions of the design details.
